EDITORS’ CHOICE

Results of a randomized trial on the management of cytology
interpretations of atypical squamous cells of undetermined

significance
The ASCUS-LSIL Triage Study (ALTS)* Group

OBJECTIVE: This study was undertaken to compare alternative strategies for the initial management of a
cytologic diagnosis of atypical squamous cells of undetermined significance (ASCUS).

STUDY DESIGN: A total of 3488 women with a community-based ASCUS interpretation were randomly as-
signed 1o immediate colposcopy, triage that was based on enroliment HPV DNA testing and liquid-based cy-
tology at a colpescopy referral threshold of high-grade squamous intraepithelial lesion (HSIL), or
conservative management based on repeat cytology at a referral threshold of HSIL. All arms included 2
years of semiannual follow-up and colposcopy at exit. Loop electrosurgical excision procedure was offered to
women with histologic diagnosss of cervical intraepithelial neoplasia (CIN) grade 2 or 3 at any visit or persis-
tent CIN grade 1 at exit. The study end point was 2-year cumulative diagnosis of CIN grade 3.

RESULTS: The 2-year cumulative diagnosis of CIN grade 3 was 8% to 9% in all study arms. The immediate
colposcopy strategy yielded 53.6% sensitivity for cumulative cases of CIN grade 3 diagnosed over 2 years.
The human papillomavirus (HPV) triage strategy referred 55.6% of women and detected 72.3% of cumulative
cases of CIN grade 3. A conservative management strategy of repeat cytology at the HSIL threshold referred
12.3% of women while detecting 54.6% of cumulative CIN grade 3. To compare triage tests, we re-estimated
the performance of HPV and cytology in successfully referring women with underlying CIN grade 3 (ie, ignor-
ing the insensitivity we discovered in colposcopically directed biopsies). A single enrallment HPV test identi-
fied 82.4% of the women diagnosed with CIN grade 3. Serial cytology, even at an ASCUS threshold, would
have required two visits to achieve similar sensitivity (95.4%) and would have referred 67.1% to colposcopy.
CONCLUSION: HPYV triage is at least as sensitive as immediate colposcopy for detecting CIN grade 3 and

refers about half as many women to colposcopy. Follow-up that used repeat cytology is sensitive at an
ASCUS referral threshold but requires two follow-up visits and uttimately more colposcopic examinations

than HPV triage. (Am J Obstet Gynecol 2003;188:1383-92.)
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There are approximately 55 million Papanicolaou
(Pap) tests performed in the United States yearly, of
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which about 5% are interpreted as “atypical squamous
cells of undetermined significance” (ASCUS) and 2% are
interpreted as “low-grade squamous intraepithelial le-
sion” (LSIL). Therefore, more than 3 million women per
year are affected by an ASCUS or LSIL interpretation,
with a total resultant clinical management cost that has
been estimated to be several billion dollars. The clinical
dilemma is the need to identify the small minority of
women with underlying cervical intraepithelial neoplasia
(CIN) grade 3 or cancer, which must be weighed against
the very high prevalence of ASCUS and LSIL, arguing
against aggressive management.

The ASCUS-LSIL Triage Study (ALTS) was designed to
compare alternative strategies for the initial management
of these common cytology interpretations found during
cervical cancer screening. A decade ago, the discovery
that infection with oncogenic types of human papillo-
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mavirus (HPV) causes virtually all cases of cervical cancer
raised the possibility of incorporating knowledge of HPV
nawural history and HPV testing into cervical cancer
screening programs that had previously relied on combi-
nations of cvtology and colposcopically guided biopsies.
ALTS was designed after the conclusion of the 1991
Bethesda Workshop,! taking into account differing opin-
ions regarding the optimal management of ASCUS and
LSIL cytology interpretations. Different participants at
the Workshop and a subsequent National Cancer Insti-
tute (NCI)-sponsored advisory meeting favored either
immediate colposcopy, cytology follow-up, or triage of
ASCUS and LSIL by using HPV DNA testing.? Immediate
colposcopy was considered the reference standard of op-
timal sensitivity and safety. Gytology follow-up was consid-
ered more conservative and less invasive and permited
regression of sclflimited HPV infections known to cause
abnormal cytology interpretations, Triage that used HPV
DNA testing was based on a corollary of the new knowl-
edge that virtually all cases of cervical cancer contain
HPV DNA. Specitfically, all HPV-necgative women were rea-
soned to be at extremely low risk of cervical cancer, per-
mitting triage away from colposcopic referral. The
experts did not agree on which of the three management
options, if any, was superior. This clinical “equipoise” on
a topic affecting millions of women annually justified a
major randomized clinical trial.

This set of four manuscripts includes the major re-
sults from ALTS, apart from a cost-utility analysis that is
still pending. The ALTS Group hoped that, by placing
the main articles together, those interested could easily
read a common introduction and methods, inciuded in
this first article focusing on the initial management of a
cytology interpretation of ASCUS, followed by inte-
grated results and conclusions related to LSIL3 and
postcolpos- copy management.®3

Material and methods

Overview. ALTS was a randomized clinical trial com-
paring three strategies for women with ASCUS and LSIL
separately: immediate colposcopy, HPV triage, and con-
servative management, based on a program of repeat cy-
tology.6 All women, regardless of randomization
assignment and initdal management during enrollment,
were scheduled for follow-up with cytology at 6-month in-
tervals for 2 years. We achieved very high retention rates
and adherence to protocols, which permitted thorough
analyses of the performance of clinical outcomes but
might be difficult o reproduce in typical clinical prac-
tice. We also supported all the activities at the ALTS clini-
cal centers. with expert quality control (QC) groups,
raising the issue of the most useful choice of study end
points. As the surrogate for cancer risk, we chose a priori
a scientific end point of histologic CIN grade 3 as diag-
nosed by the pathology QC group. To supplement this
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main analysis, we used a clinical end point of histologic
CIN grade 2 or 3 as diagnosed by pathologists at the four
clinical centers,

Recruitment. ALTS involved four clinical centers: Uni-
versity of Alabama at Birmingham (Birmingham, Ala),
Magee-Womens Hospital of the University of Pittsburgh
Medical Center Health System (Pittsburgh, Pa), the Uni-
versity of Oklahoma (Oklahoma City, Okla), and the Uni-
versity of Washington (Seaule, Wash). The study was
approved by the NCI and local institutional review
boards. All women had a4 community-read cytology result
of ASCUS or LSIL as a prerequisite for study entry. These
slides (virtually all were conventional Pap smears) were
requested from the community laboratories and were
sent to the Pathology QC group for rereview for ALTS re-
search purposes only. The review diagnosis did not atfect
subject eligibility or management.

Randomization arms. A total of 5060 women enrolled
in the study from January 1997 to December 1998: 3488
women with ASCUS and 1572 with LSIL cytology. Rou-
tine follow-up and exit visits concluded in January 2001
Demographic characteristics of the enrollees are de-
scribed more completely elsewhere.

After determining eligibility and obtaining written in-
formed consent, participants were randomly assigned to
one of the three management arms: immediate col-
poscopy (IC, referral to colposcopy regardless of enroll-
ment test results), HPV triage (referral to colposcopy if
the enroliment HPV result was positive or missing, or if
the enrollment cytology was high-grade squamous in-
traepithelial lesion [HSIL]), and conservative manage-
ment (CM, referral to colposcopy if cytology was HSIL).

All women in each arm underwent the same enrollment
pelvic examination with collection of specimens as out-
lined below under examination procedures. Referral to
colposcopy at enrollment was based on the randomization
arm and enrollment test results. (This was the only man-
agement decision that differed among arms.) Subsequent
follow-up was the same for all arms. An cxit examination,
with colposcopy scheduled for allwomen regardless of arm
or prior procedures, was performed at 2 ycars, as described
under follow-up and exit management helow.

Examination procedures. At ecach patient visit,
nurse—clinicians typically conducted the pelvic examina-
tion and collected two cervical specimens. The first cervi-
cal specimen was collected with a Papette broom (Wallach
Surgical, Orange, Conn) and was rinsed directly into a
PreservCyt vial (Cytye Corporation, Boxborough, Mass).
This specimen was used for both the preparation of Thin-
Prep cytology slides (Cytye Corporation, Boxborough,
Mass) and for HPV testing using the Hybrid Capture 2
(HC 2) highrisk probe set (Digene Corporation,

jaithersburg, Md). A second cervical specimen, collected
with a Dacron swab, was obtained for investigational HPV
DNA typing; these results were not used for patient man-
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agement in the trial. After the collection of the cervical
specimens, the cervix was rinsed twice with a 5% solution
of acetic acid, and 2 Cervigrams (National Testing Labo-
ratories Worldwide, Fenton, Mo) were taken,

Patient management at enrollment. Women randomly
assigned to the IC arm proceeded immediately to col-
poscopy or were given an appointment to return for the
procedure within 3 weeks if colposcopy could not be per-
formed the same day. Women randomly assigned to the
HPV triage arm were called back for colposcopy if the
HPV test was positive or not performed (missing), or if
there was an ALTS clinical center enrollment ThinPrep
diagnosis of HSIL, or a glandular abnormality (these in-
terprelations as a group have been termed HSIL). A miss-
ing HPV test result was most commonly the result of
having less than 4 mL of residual specimen in the Pre-
servCyt vial after preparing the ThinPrep, an arbitrary
minimum volume. Women in the HPV triage arm with no
HPV test results were triaged to colposcopy because it was
considered to be an impractical triage strategy to recall
women for repeat collection of a specimen for the HPV
test alone. In the CM arm, only women with a clinical cen-
ter ThinPrep cytology diagnosis of HSIL were referred to
colposcopy. Unsatisfactory cytology led to recall for re-
peat specimen collection unless the patient had already
been referred for colposcopy based on randomization
(IC arm) or HPV test result (HPV triage arm). Very rarely,
clinicians referred patients to colposcopy on the basis of
visualizing a lesion suspicious for cancer during the pelvic
examination. Any safety net notification (see below) is-
sued by a QC group also triggered colposcopy, the only
time that QC results affected patient management.

Patient management at follow-up. Women were sched-
uled to return for follow-up visits at 6, 12, and 18 months
from the date of enrollment regardless of arm and treat-
ment received. Pelvic examinations and specimen collec-
tions were conducted as at enrollment. Women were
referred (or referred again) to colposcopy for a clinical
center cytology diagnosis of HSIL or a safety net trigger
and were treated by loop electrosurgical excision proce-
dure (LEEP) for histologic CIN grade 2 or 3 diagnosed by
the clinical center. During follow-up, HPV results were
masked in all arms.

Patient management at exit. Exit visits, scheduled for
approximately 24 months from the date of enrollment,
included celposcopy for all women. The purpose of the
exit visit was 2-fold: to ensure paticnt safety and to pro-
vide complete ascertainment of disease end points before
a woman exited the study. Thercfore, all available clinical
information was unmasked and provided to the clinician
conducting the exit pelvic examination and colposcopy.
This included all previous cytology and histopathology re-
ported by the clinical center and the Pathology QC
group, the most recent Cervigram photograph and re-
port, as well as all previous HPV results.
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At exit, colposcopy was performed in the same manner
as at enrollment and follow-up. However, the threshold for
treatment was lower at exit; in addition to treating women
with CIN grade 2 or 3 on colposcopically directed biopsy.
women with persistent low-grade lesions were offered
LEEP. A woman was considered to have a persistent low-
grade lesion if the colposcopically directed biopsy at exit
showed CIN grade 1 and cytology results from at least onc
of the previous two visits showed LSIL. or HPV+ ASCUS.

Laboratory processing and interpretation of cervical
specimens. Liquid-bascd, ThinPrep cytology slides were
prepared from PreservCyt vial specimens according to the
manufacturer’s standard protocol. Slides were screened at
each clinical center by a cvtotechnologist and evaluated by
a cytopathologist trained to read ThinPreps according to
routine practice. Cytology results were recorded on a stan-
dardized data collection form with the use of the 1991
Bethesda System with subcategorical distinctions between
HSIL~CIN grade 2 and HSIL-CIN grade 3. After the clin-
ical center evaluation, slides were sent to the Pathology
QC group for rescreening and rereview.

Afier the preparation of the ThinPrep, a 4mlL. aliquot
of the residual PreservCyt specimen was taken for HPV
testing (although only half of the aliquot was typically
tested). We used HC 2, a molecular hybridization assay, to
detect a group of cancerassociated HPV types, including
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.
The low-risk probe set (types 6, 11, 42, 43, and 44) was not
uscd. A chemiluminescent tag in HC 2 emits light in pro-
portion to the amount of target HPV DNA in the speci-
men. The Food and Drug Administration—approved
threshold of 1 pg of HPV DNA per milliliter of test solu-
tion was used as the threshold for a positive result. An
HPV QC group monitored the performance of the HPV
assay by using mock specimen controls with each run for
the first 2 years of the study, as well as by random retesting
of a percentage of the clinical specimens throughout the
entire study.

Colposcopy and treatment. The standard protocol for
colposcopy included conventional visual assessment, ap-
plication of 3% acetic acid and identification of the
squamo-columnar junction and transformation zone.
Biopsy specimens, obtained for colposcopically suspected
CIN, were placed in separate labeled vials containing
10% buffered formalin. Endocervical curettage was per-
formed according to clinician judgment in cases where
the extent of the lesion, or squamocolumnar junction,
was not visible. Colposcopic impression was recorded on
a standardized form. A computer-assisted digital imaging
system (Denvu, Tucson, Ariz) was used by the colpo-
scopist to capture images of the cervix and record the
biopsy sites selected. Histologic interpretation of biopsy
specimens was conducted at each center by using CIN ter-
minology. After the interpretation by the center, all his-
tology slides were sent to the Pathology QC group for
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Figure. CONSORT diagram of participants in ALTS referred for
ASCUS cytology. The number of women enrolled in each arm,
the triage strategy for referral to colposcopy at enrollment, and
the percent of women referred are shown at the top of the fig-
ure. The first row of numbers for the follow-up and exit periods
reflect women remaining in the trial at that time. Subsequent
rows indicate the number of women who had colposcopy and/or
LEEP during the period. Asferisk, Exit LEEP numbers are subdi-
vided in parentheses by the indication triggering the procedure:
persistent low-grade disease vs presence or suspicion ol high-
grade discase, respectively.

re-evaluation; however, the management of the partici-
pant was based on the reading by the clinical center
pathologist.

As per standard practice, all women with histologic
CIN grade 2 or 3 diagnosed at the clinical centers were
treated by LEEP. CIN grade 1 was not treated during the
enrollment and follow-up periods. If the colposcopically
directed biopsy result was discordant with an HSIL cytol-
ogy or a high-grade colposcopic impression at the clinical
center, repeat colposcopy was performed according to
clinician judgment to clarify diagnostic discrepancies.

Pathology QC group. All referral slides, ThinPreps, and
histology slides were sent to the Pathology QC group
based at Johns Hopkins Hospital for rereview and final
case definition. All cytology slides from enrollment and
exit were rescreened by experienced study cytotechnolo-
gists and reviewed by the Pathelogy QC group. A portion
of the cytology slides from follow-up were submitted for
computer-assisted review (Neopath, TriPath Imaging,
Burlington, NC). The pathology QG review protocol for
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histology slides included review by a QU pathologist
masked to the original diagnosis. Any case with a diagno-
sis of CIN grade 2 or 3, by either pathology QC or the
original clinical center, automatically went to a panel re-
view composed of two to four QC pathologists unmasked
to previous histology diagnoses. For all other cases, the
first QC review diagnosis was compared with the clinical
center diagnosis and, if concordant, that served as the
final diagnosis. In the event of disagreement between the
clinical center and the first QC reviewer, the case was sent
to panel review. For all cases sent to panel, that review
constituted the final diagnosis.

Safety notifications. In addition to providing expert in-
terpretation for purposes of disease definition, the
Pathology QC review was also designed to provide a
“safety net” for study participants. For cytologic and his-
tologic specimens, a pathology QC diagnosis of CIN
grade 3 (that had been called less than CIN grade 2 at the
center) triggered a safety notification sent by fax to the
clinical centers. Cervigrams and digital colposcopic im-
ages also underwent external review for safety purposes.
The threshold for safety notification for Cervicography
and digital colposcopic images was “suspect cancer.”

Statistical analyses. The primary study end point case
definition was established a priori as a pathology QG his-
tologic diagnosis of CIN grade 3, adenocarcinoma in situ
(AIS), or cancer. Because there were so few cases of can-
cer (n=2) or AIS (n = 1) among women with ASCUS, we
refer to the scientific end point for simplicity as CIN
grade 3. We also present a clinical end point of histologic
CIN grade 2 or 3 as diagnosed at the clinical centers be-
cause women were treated on the basis of clinical center
diagnoses at this threshold. For analyses related to time of
diagnosis, we collapsed the periods into enrollment, fol-
low-up, and exit. Additional procedures performed
within 1 year of enroliment, as part of the continued di-
agnostic workup of a patient, are included in the enroll-
ment period. A priori, the IC and HPV triage strategies
were designed to detect CIN grade 3 al enrollment, based
on the initial examination and colposcopic referral. How-
ever, the CM strategy relied on repeat cytology; therefore,
detection of CIN grade 3 during either the enroliment or
follow-up study periods was considered success.

The binomial distribution was used to compute exact
ClIs for proportions (eg, sensitivity). Pearson ¥? tests for
contingency tables were used to assess the associations be-
tween categorical variables (eg, cytology interpretations
vs HPV test results). The McNemar test was used to assess
the significance of differences in paired data, such as the
comparison of the sensitivities of cytology and HPV test-
ing in the same subjects. The 2 statistics for trend were
calculated to test the significance of data with evident or-
dering (such as increasing severity of cytology interpreta-
tions related to HPV positivity). Life-table methods were
used to account for censoring in analyses where such an
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Table L. Clinical center enrollment liquid-based cytology diagnoses compared with HPV DNA. test results*

HPV DNA lest vesult

Cylelogy Negative (vow %) Missing (row %) Positive (vow %) Total (column % )¥
Unsatisfactory 9 (50.0%) 3(16.7%) 6 (33.3%) 18 (0.5%)
or missing

Negative 935 (64.0%) 72 (5.0%) 453 (31.0%) 1460 (41.9%)
ASCUS 540 (47.8%) 38 (3.4%) 553 (48.9%) 1131 (32.4%)
LSIL 68 (10.7%) 37 (5.9%) 528 (83.4%) 633 (18.2%)
HSIL (GIN grade 2) 7 (3.4%) 9 (4.3%) 191 (92.3%) 207 (5.9%)
HSIL (CIN grade 3) 0 (0.0%) 3(7.7%) 36 (92.5%) 39 (1.1%)
Total 1559 (44.7%) 162 (4.6%) 1767 (50.7%)§ 3488 (100.0%)

*HC 2 includes probes for cancer-associated HPY types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.

Prep cytology slides.

adjustment was needed. All statistical tests were two sided
and were considered significant at P< .03,

Results

ALTS cnrolled 3488 eligiblc women with a community
Pap smear interpretation of ASCUS, and randomly as-
signed 1163 to the IC arm, 1161 to HPV triage, and 1164
to the CM arm (Figure). Throughout the study, 93% of
women had at least one follow-up visit, and 85% had an
exit visit; retention did not differ by study arm. Virtually
all women referred to colposcopy did attend, and virty-
ally all referred for LEEP received treatment. Therefore,
the details of the Figure reflect meaningful differences
between study arms and periods, not biased participation
rates.

Referral to colposcopy during the follow-up study pe-
riod depended on HSIL cytology (or safety net findings)
and the percentages were low (<10%) and not signifi-
cantly different between study arms. Approximately one
fifth of women had LEEP over the course of the study;
this fraction did not vary by study arm. However, the tim-
ing of the LEEP differed among arms as a corollary of the
time of detection of disease. About half of the LEEPs in
IC and HPV were performed during the enrollment time
period compared with one fourth in the CM arm. At exit,
in addition to treating women with histologic CIN grade
2 or 3, women with persistent low-grade lesions (dcfined
as CIN grade 1 on colposcopically directed biopsy and cy-
tology results from at least one of the two immediately
preceding visits showing LSIL or HPV+ ASCUS) were of-
fered LEEP. Two hundred three women underwent LEEP
triggered for persistent low-grade disease, representing
one fourth of all LEEPs performed during the study.

Tabie I demonstrates the clinical center enrollment cy-
tology interpretations compared with HPV testing results.
Although all these women had been referred for ASCUS
Pap smear interpretations in the community, the clinical

+4.6% of HC 2 results were missing because of <4 mL residual eyology specimen in Preserveyt collection vial after preparing the Thin-

TPirend < 001 for association between grade of cytologic abnormality and HPV DNA positivity.
$63.1% (1767/3326) of the HC 2 results that could be performed were paositive.

Table IL. Clinical center histologic diagnosis from first
colposcopically directed biopsy in IC arm

Clinieal cenler

histologic diagnosis No. * Percentage
Missing valid biopsy result 26+ 2.3%
No biopsy taken, normal 273 23.8%
colposcopic impression
Negative 443 38.6%
CIN grade 1 300 26.1%
CIN grade 2 713 6.2%
CIN grade 3 351 3.0%
Total 1148 100.0%

*Of the 1163 women in the IC study arm, 15 women referred to
colposcopy did not attend.

T Of the 1148 that attended, 19 had no biopsy specimen taken de-
spite an abnormal colposcopic appearance, 1 had an unsatisfactory
colposcopy without biopsy, and 6 had unsatisfactory biopsy speci-
mens (n = 26 missing biopsy results).

$The numbers of CIN grade 2 and CIN 3 are clinical center di-
agnoses of the initial colposcopically directed biopsy; these num-
bexs cannot be directly compared with subsequent tables that
use the pathology QC group diagnoses.

center interpretations of the enrollment ThinPrep slides,
taken on average 2.0 months later (median 1.7, range 0.3-
6.0 months), were heterogeneous. Only 32.4% were
again interpreted as ASCUS. There was a significant
trend between the severity of the ThinPrep interpreta-
tion and HPV DNA positivity (Pyenq < .001). Overall,
50.7% of women with ASCUS cytology were HPV DNA
positive and another 4.6% had missing results because of
a lack of sufficient residual material in the PreservCyt vial
after cytology had been prepared, or for other technical
reasons,

Women randomly assigned to the 1C arm usually had
colpascopy on the same day as enrollment (mean = 5.9,
median =0, mode = 0). Given universal colposcopy in the
IC arm, the clinical center results reflect the distribution
of disease detected at initial examination after ASCUS cy-
tology (Table II). CIN grade 2 or 3 was diagnosed in
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Table ITI. Cumulatve histologic diagnoses of CIN grade 2 and CIN 3* by pathology QC group, stratified by study arm

IC (cobumn %) HPV triage (column %)  CM (column %) P valuet Total (column %)
CIN grade 2 92 (7.9%) 85 (7.39%) 55 (4.7%) 005 932 (6.7%)
CIN grade 3 97 (8.3%) 101 (8.7%) 108 (9.3%) 72 306 (8.8%)
CIN grade 201 3 189 (16.2%) 186 (16.0%) 163 (14.0%) 26 538 (15.4%)
Total No. of women 1163 (100.0%) 1161 (100.0%) 1164 (100.0%) 3488 (100.0%)

*CIN grade 3 includes two cases of invasive cancer (1 each IC and CM arms) and one case of adenocarcinoma in sita (HPV arm).
+Pvalues from %? test for comparison between study arms. Direct comparisons of CIN grade 2 by study arm were statistically significant
for CM vs either IC (P=.002) or HPV triage (P=.01).

Table IVA. Cumulative histologic diagnoses of CIN grade 3* by pathology QC group, stratified by study arm and periodt

Ic PV triage cM Tutal CIN grade 3
Enrollment 58 (59.8%) 76 (75.2%) 44 (40.7%) 178 (58.2%)
Follow-up 14 (14.4%) 6 (5.9%) 22 (20.4%) 42 (13.7%)
Exit 25 (25.8%)1 19 (18.8%)% 42 (38.9%)1 86 (28.1%
Total 97 (100.0%) 101 (100.0%) 108 (100.0%) 306 (100.0%)

P<.001 from %2 test for overall comparison of study arm versus time of diagnosis of CIN grade 3. P,,,,q4 = .06 for IC versus HPV triage
{0.04 for standard 32}, P opq = 01 for IC versus CM. P, 4 < .001 for HPV triage versus CM.

*CIN grade 3 includes two cases of invasive cancer (1 each IC and CM arms) and 1 case of adenocarcinoma in situ (HPV arm).

1The figures in bold indicate the a priori-defined period for the strategy to successfully detect CIN grade 3 within the study arm (ie,
enrollment for IC. and HPV triage, and enrollment plus follow-up periods for CM). These numbers of CIN grade 3 include cases de-
tected through safety net interventions; such cases are not counted s successes in the comparison of management strategy performance
in Tuble V (CIN grade 3 detected through salety intervention: [C, n =6, HPV, n = 3; CM, n = 7).

Table IVB. Cumulative histologic diagnoses of CIN grade 2 or 3 by clinical center pathologists, stratified by study arm

and period

c HPYV triage CM Total CIN grade 2 or 3
Enrollment 119 (64.0%) 126 (70.4%) 60 (35.7%) 305 (57.2%)
Follow-up 24 (12.9%) 15 (8.4%) 32 (19.1%) 71 (13.3%)
Exit 43 (23.1%) 38 (21.2%) 76 (45.29%) 157 (29.5%)
Total 186 (100.0%) 179 (100.0%) 168 (100.0%) 535 (100.0%)

P<.001 from 2 test for overall comparison of study arm versus time of diagnosis of CIN grade 2 or 3. F,.,q = .34 for 1C versus HPV
triage. Fyrong < 001 for 1G versus CM. Pyepg < -001 for HPV triage versus CM.

9.2%, but no CIN of any grade was diagnosed in 62.4% ei-
ther because the colposcopic impression was normal and
no hiopsy specimen was taken, or the biopsy specimen
was negative.

Tables TII through VI present complementary ap-
proaches to the analysis of the longitudinal data. We sep-
arately considered (1) the findings in the “study arm,” (2)
the performance of the “management strategy,” and (3)
the optimized “triage test performance.”

Study arm findings. As the simplest, descriptive compari-
son of the study arms, Tables Il and IVA present all disease
endpoints diagnosed by the pathology QC group during
the trial. Table ITI shows that the cumulative diagnoses of
CIN grade 3, the a priori study end point, did not vary sig-
nificantly by study arm (IC 8.3%, HPV 8.7%, CM 9.3%).
However, the cumulative percentages of CIN grade 2 did
vary by study arm (P=.005). There were significantly fewer

diagnoses of CIN grade 2 in the CM arm (4.7%) than in ei-
ther of the other two study arms (1C 7.9%, HPV, 7.3%, P=
.005), thought to be a consequence of regression of missed
prevalent CIN grade 2 in the CM arm (see Comment).
Table TVA shows the cases of CIN grade 3 in each study
arm, stratified by period. Although the total percentage of
CIN grade 3 diagnosed by the pathology QC group in each
arm was equivalent, the timing of diagnosis was signifi-
cantly heterogencous (I’< .001). Of the total CIN grade 3
cases in each arm, those in the HPV triage arm were diag-
nosed earliest, followed by the IC arm (P, .06). In the
CM arm, CIN grade 3 cases were diagnosed significantly

rend —

later than in either of the other two study arms, and 38.9%
of cases were not diagnosed until the exit period.

It is important to note that 11 cases of CIN grade 3 at
exit were found only by offering LEEP to 203 women with
persistent low-grade lesions (Figure). In terms of contri-
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Table V. Performance of management strategies for detection of cumulative histologic diagnoses of CIN grade 3* by
pathology QC group

Study arm
ic HPV triage CM Pualue
Sensitivityt for CIN grade 3 (%) 53.6% (43.2-63.8) 72.3% (62.5-80.7) 54.6% (44.8-64.2) .01
Referral to colposcopy (%) 100% (99.7-100) 55.6% (52.6-H8.4) 12.3% (10.5-14.3) <.001

P= .01 from %2 1est for sensitivity of IC versus HPV triage, P= 1.0 for IC versus CM, £= .01 for HPV triage versus CM.

#CIN grade 3 includes two cases of invasive cancer {1 each IC and CM arms) and one case of adenocarcinoma in situ (HPV arm).

+The munagement strategy performance calculations consider as “successes” only those cases of CIN grade 3 detected by the clinical
application of the management strategy at the centers within the a priori—defincd period for that strategy (ie, enrollment period for IC
and HPV triage, and enrollment plus follow-up periods for CM) (sec bold areas of Table V). Cases of CIN grade 3 missed by the strategy
but detected by safety net interventions and cases detected after the defined period for that strategy are not included in the numerator
for calculating sensitivity.

Table VI. Estimated* triage test performance for detection of cumulative histologic diagnoses of CIN grade 31 by
pathology QC group

Sensitivity for CIN grade 3 (%) (CI) Referral (%) (CI)

Enrollment HPV DNA iest. 53.1% (51.4-54.8)

HSIL cytolagy threshold}

92.4% (88.7-95.2)

1 86.5% (50.0-41.3) 7.1% (6.2-8.0)

2 48.3% (38.8-57.7) 10.2% (8.5-12.0)

3 60.2% (50.8-69.6) 11.7% (9.8-13.6)
LSIL cytology threshold}

1 59.3% (53.4-65.0) 25.1% (23.6-26.6)

2 74.1% (65.8-82.3) 31.7% (29.0-34,4)

3 82.0% (74.7-89.4) 37.2% (34.4-40.1)
ASCUS cytology threshold} ‘

1 83.4% (78.7-87.5) 58.1% (56.4-69.8)

2 95.4% (91.499.3) 67.1% (64.4-69.8)

3 97.2% (94.1-100) 72.7% (70.1-75.4)

*For these estimates, missing test results, missed visits, and the timing of visits were ignored, to focus on the performance of the tests
according to how many were completed.

+CIN grade 3 includes two cases of invasive cancer (1 each IC and CM arms) and | case of adenocarcinoma in situ (HPV arm).

Each cytology threshold reflects the finding of a cytologic abnormality greater than or equal to the cut point when cytology is per-
formed one, two, or three times al approximately 6-month intervals. The enrollment HPV test was compared with the first cytology using
data from all study arms to maximize statistical power. Because of extensive censoring in the IC and HPV arms, only data from the CM

arm were used to estimate the performance of two or three repeat cytology examinations.

bution to total numbers of CIN grade 3, these 11 cases
represent 12.8% of the cases diagnosed at exit and 3.6%
of the total number of cases of CIN grade 3 in the study.

Table IVB addresses the clinical endpoint of CIN grade
2 or 3 diagnosed by the clinical center pathologists. Al-
though the numbers of endpoints are greater, the per-
cent distribution of time of diagnosis mirrors the findings
that were based on the scientific end point.

Management strategy performance. In Table V, the
management strategy performance calculations consider
as “successes” only those cases of CIN grade 3 detected by
the clinical application of the management strategy at the
centers within the a priori-defined period for that strat-
egy (ie, enrollment period for 1C and HPV triage, and en-
rollment plus follow-up periods for CM—see bolded
figures of Table IVA). Cases of CIN grade 3 missed by the
strategy but detected by QC safety net intervention, and
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cases detected after the defined period for that strategy,
are not included in the numerator for calculating sensi-
thvity.

Table V compares the alternative management strate-
gies on the basis of the sensitivity for the detection of CIN
grade 3 and the percentage of women requiring col-
poscopy under that strategy. In IC, only 53.6% of cumula-
tive cases of CIN grade 3 diagnosed over the 2-year study
period were detected during the enrollment period. This
management strategy required colposcopy in 100% of
women, significantly more than the other two study arms.
In HPV triage, 72.3% of cumulative cases of CIN grade 3
were detected during enrollment, a sensitivity that was
significantly greater than IC (P=.01) or CM (P = .01).
The sensitivity for detection of CIN grade 3 did not differ
significantly hetween the IC and CM strategies. Of note,
the HPV triage strategy theoretically depended on either
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HPV-positive results or HSIL cytology at enrollment, but
none ol the cases of CIN grade 3 were referred to col-
poscopy on the basis of cytology alone. The percentage of
women referred to colposcopy at enrollment by HPV
triage was only about half of the universal referral in 1C
but significantly greater than the 12.3% referral (enroll-
ment plus follow-up) for the CM strategy.

Triage test performance. While Table V shows the ac-
tual performance of the three alternative management
strategies in clinical settings subject (o the limitations of
colposcopically directed biopsy and loss to follow-up,
Table VI gives estimates of the theoretical. optimal test
performance for HPV testing and cytology at three
thresholds of colposcopic referral. For these estimates,
we ignored the imperfect sensitivity of colposcopically di-
rected biopsy and excluded missing test values, 1o evalu-
ate (1) what percentage of cases of CIN grade 3 would
have been referred on the basis of a positive triage test
and threshold (% sensitivity) and (2) how many referrals
would have resulted by using each triage test and thresh-
old (% referral). Of the women originally referrcd to
ALTS with ASCUS cytology who were ultimately found to
have CIN grade 3, enrollment HPV testing would have
properly triaged 92.4% (CI = 88.7-95.2) while referring
53.1% of women overall (CI = 51,5-54.9) (exclusion of
missing tests accounts for difference with Table I). Exam-
ination of the sensitivities and referral percentages for
various thresholds of repeat cytology, determined from
the CM arm, demonstrates that repeating cytology twice
at the ASCUS threshold would provide comparable sensi-
tivity for detection of CIN grade 3. However, such a pro-
gram of repeat cytology would refer significantly more
women (67.1%) than a single HPV test (53.1%).

Comment

For women with ASCUS cytology interpretations, the
ALTS data demonstrate that HPV triage is at least as sen-
sitive as immediate colposcopy in the detection of under-
lying CIN grade 3, while nearly halving the number of
women referred for colposcopy. Repeat cytology with col-
poscopic referral at an ASCUS threshold is also sensitive
in detecting CIN grade 3 but requires repeated visits and
leads to significantly more colposcopic cxaminations
than does a single HPV test. Although the [inal cost-utility
analyses of ALTS data are not yet complete, HPV testing is
obviously an excellent strategy for the initial manage-
ment of ASCUS, particularly when liquid-based cvtology
permits “reflex” HPV testing of a single cytology speci-
men. This conclusion was adopted by a recent American
Society for Colposcopy and Cervical Pathology sponsored
consensus conference on the management of women
with abnormal cervical cytology.”

In our opinion, the ALTS data successfully address the
controversy that has existed in the United States regard-
ing the best clinical management of women with ASCUS
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cervical cytology®811 since the Bethesda System was in-
troduced in 1988.1% In the recently introduced 2001
Bethesda Systemn, the ASCUS classification is revised to
exclude the subcategory of *favor reactive,” but retains
the concept of “undetermined significance” (ie, the lack
of sulficient morphologic features to permit definitive in-
terpretation).!3 Unless the new “atypical squamous cells”
category proves to be much more specific and restricted
than anticipated, the results of ALTS based on the ASCUS
terminology will still be fully applicable.

Three major management strategies have been used in
the United States for management of women with ASCUS
cervical cytology: immediate colposcopy, triage based on
HPV DNA testing, and repeat cytology at 4- to 6-month in-
tervals.? Immediate colposcopy has been assumed to be
the safest option but with the disadvantages of high cost
and potential overtreatment. Because the sensitivity of a
single repeat conventional cervical cytology is relatively
low, a program of repeat cytology has been proposcd. Sev-
eral large studies have cvaluated the performance of HPV
DNA testing to guide management in the ASCUS popula-
tion, with sensitivity for detection of CIN grade 2 or 3 by
using HC 2 reported as 83% o 100%.1419

ALTS cvaluated these three alternative strategies in a
prospective, randomized fashion. Retention and compli-
ance with recommended interventions in the trial were
excellent, did not differ by arm, and therefore did not in-
tuence the outcomes of the study.

By their nature, ASCUS interpretations are not highly
reproducible.? Only 32.4% of women with community
ASCUS cytology had a repeat ASCLUS interpretation on
the enrollment ThinPrep as read by the clinical center
pathologists. The assaciation of severity of the clinical
center enrollment ThinPrep interpretation and HPV pos-
itivity mirrors the broader observation that approxi-
mately half of women with ASCUS cytology from the
community were positive for HPV, whereas more than
80% of women with LSIL cytology were HPV positive.

The overall percentage of CIN grade 2 or 3 in the
ASCUS population as diagnosed by the pathology QG
group was 15.4%, similar to that reported in other stud-
ies, 14161821 The cumulative rate of detection of CIN
grade 3 did not vary by study arm. However, the cumula-
tive percentage of CIN grade 2 alone did vary by study
arm with the CM arm having significantly fewer CIN
grade 2 diagnoses than either of the other study arms.
These data strongly suggest 4 spontaneous regression of
some cases of missed prevalent CIN grade 2 in the CM
arm, and point to the advantage of using the a priori sci-
cntific end point of CIN grade 3 as a more stringent sur-
rogate of cancer risk.

By trial design, each arm represented an alternative
management strategy. These can best be evaluated by com-
paring the number of CIN grade 3 cases detected by the
strategy without crediting CIN grade 3 detection by the
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multiple safety interventions. We judged the success of the
immediate colposcopy and HPV triage protocols by detec-
tion of CIN grade 3 during enrollment, while we evaluated
conservative management based on CIN grade 3 detection
during both enrollment and follow-up. The HPV triage
strategy detected a higher percentage of CIN grade 3 than
IC and GM. The seemingly greater sensitivity of HPV triage
compared with IC may reflect that the colposcopist was
generally aware of the positive HPV test and enrollment
ThinPrep cytology results at the time of colposcopy (en-
rollment test results determined triage to colposcopy in
this arm) and, thus, may have been more diligent in the
colposcopic evaluation. We have no data to address this hy-
pothesis directly. More than a third of the cases of CIN
grade 3 in the CM strategy (which relied on HSIL referral
to colposcopy) were not diagnosed until the exit visit that
included universal colposcopy and liberal offering of LEEP
treatment for persistent low-grade lesions. This suggests
that repeat cytology at an HSIL threshold, although refer-
ring few women and similar in sensitivity to a single col-
poscopy, is not optimally sensitive for the timely detection
of CIN grade 3.

The imperfect sensitivity of the initial colposcopy in all
arms after colposcopic referral is of concern. For CIN
grade 3 diagnosed during follow-up or exit, it is impossi-
ble to accurately separate missed prevalent from newly in-
cident cases. Therefore, it is possible that some of the
CIN grade 3 developed after enrollment and was de-
tected appropriately at follow-up visits. Our review of
complete records for cases of CIN grade 3 diagnosed
after enrollment suggests, however, that many cases rep-
resented missed prevalent disease falling below the trig-
gers for safety net notifications.

Because colposcopy and directed biopsy are not com-
pletely sensitive, we compared the theoretical optimal
performance for HPV testing and cytology at three
thresholds of referral on the basis of (1) the percentage
of women ultimately found to have CIN grade 3 that
would have been be referred on the basis of a positive
triage test and (2) the percentage of the entire popula-
tion that would be referred at that triage threshold (Table
VI}. A single enrollment HPV test would have appropri-
ately triaged 92% of the women who were ultimately
found to have CIN grade 3, while referring 53% of the
total ASCUS population. Only 1.4% of the women who
were HPV negative at enrollment were ultimately found
to have CIN grade 3 over 2 years. The sole strategy of cy-
tology follow-up that was equally sensitive (95%) in de-
tecting women with CIN grade 3 would depend on at
least two repeat cytology tests at an ASCUS threshold, re-
ferring 67% of women. In comparison to HPV triage, the
additional number of referrals would be very large in ab-
solute terms,

HPV triage is at least as sensitive as immediate col-
poscopy for detecting CIN grade 3 among women with
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ASCUS. A program of repeat cytology is also sensitive if
an ASCUS threshold is maintained and loss to follow-up is
minimal. The immediate colposcopy strategy is ccrtainly
the least specific, referring 100% of women to col-
poscopy. The ALTS longitudinal data suggest that HPV
triage is the most effective strategy for management of
women with ASCUS, as already suggested by a cost-utility
analysis that is based on a model that closely approxi-
mated published ALTS data.22
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